Short- and long-term plasticity of the hippocampus to nucleus accumbens and prefrontal cortex pathways in the rat, in vivo.
The pathways from the hippocampal formation to the nucleus accumbens and the prefrontal cortex are likely to play a role in several aspects of learning and memory. In the present study we addressed the question of how plastic changes in these structures may occur simultaneously. This question can be studied in an appropriate way in the hippocampal/fornix-fimbria to prefrontal cortex/nucleus accumbens system, since electrical stimulation of the fornix-fimbria fibre bundle evokes characteristic field potentials in the two target areas simultaneously. First, we examined the termination field in the nucleus accumbens (medial shell and core region with an extension into the ventro-medial caudate-putamen) and the prefrontal cortex (deeper layers of the ventral prelimbic and ventral infralimbic areas) by recording single unit activity evoked by stimulation of fornix-fimbria fibres in halothane anaesthetized rats. Second, we studied short-term plasticity, namely paired pulse facilitation, in these two areas upon stimulation of the fornix-fimbria fibres. In the nucleus accumbens, paired pulse facilitation was encountered for double pulse intervals between 25 and 500 ms, peaking around 100 ms. In the medial prefrontal cortex it was confined to intervals between 25 and 200 ms, with a peak around 75 ms. Third, we investigated whether LTP could be elicited simultaneously in the two target structures by a single tetanic stimulation (50 Hz, 2 s) of the fornix-fimbria fibres. LTP that was sustained for more than 90 min in the medial prefrontal cortex, reached levels of 130% of control values. In the nucleus accumbens, however, only a transient form of potentiation was found which lasted no more than 60 min. These data show that synaptic weights can be changed in several target structures of the hippocampal formation, simultaneously, in a distributed way.